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1 INSTRUCTIONS 
The interaction between surface and subsurface wa-
ter plays an important role in a variety of coastal 
zone processes (e.g. Cartwright et al., 2004a, b; 
Cartwright and Nielsen, 2001a, b; Isla and Bu-
jalesky, 2005; Nielsen, 1999; Nielsen and Voisey, 
1998; Robinson et al., 2006; Turner and Acworth, 
2004; Xin et al., 2010). With respect to the erosion 
mechanism, erosion by seepage primarily features 
dispersing and suspension of slope soil (Chen, 
2000). There have been a lot of studies on seepage 
erosions. Several numerical and experimental studies 
have been conducted which consider the exit point 
location and seepage face formation (e.g. Turner, 
1993, 1995; Clement et al., 1994). Reports from 
Dunne (1990), Howard and McLane’s (1988) indi-
cated that the slope soil was moved away from 
ground at the slope toe by the upward seepage force, 
causing slope collapse when the support of slope toe 
disappeared, or even causing serious retreat of slope. 
Koroglu and Kabdasli (2011) carried out an experi-
mental investigation on the stability of coastal em-
bankments affected by tsunamis. Guo (1999) studied 
the free boundary problems of seepage flow. 
As mentioned above, the researches which were 
carried out by previous scholars were usually based 
on constant water head and the slope erosion under 
unsteady water head has not been specially studied. 
As a fact, seepage in the porous medium is usually 
unsteady in the natural system, because of the ac-
tions of some factors such as waves, tides. In terms 
of infiltration erosions under the action of waves, 
tides and wave fluctuations of water level, some re-
searchers (Mao, Duan, Cai & Ru, 2004) simplified it 
as the constant level when conducting related stud-
ies. This simplification has been applied in a number 
of engineering practices. However, the mechanism 
of erosions caused by unsteady seepage are much 
more complex than steady seepage erosions. There-
fore, it is necessary to study characteristics of fluctu-
ation seepage.  
A new, special equipment was applied to study 
the effect of unsteady seepage on slope soil detach-
ment quantitatively in this paper. 
2  EXPERIMENT SETUP 
The equipment contains of three parts: a soil-box, a 
set of seepage supplying device and a vibration gen-
erator (see Fig.1). The vibration generator is con-
nected with a little block using a rope. The block is 
submerged half in the water, as shown in Figure 1. 
As the vibration generator begins vibrating with a 
constant period, the block would go up and down, 
causing the water level in seepage supplying device 
fluctuate. The seepage supplying device is connected 
with bottom of the soil-box using a water pipe. Wa-
ter could go into the soil-box through the water pipe 
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and form seepage for the sands in the soil-box. The 
soil-box is made of plexiglass plates so the tests 
could be definitely observed. The measuring cylinder 
is connected to the bottom of the soil-box. The soil-
box with height of 50cm, width of 40cm, length of 
50cm, is set to be an angle of 27° by a lifting jack, as 
in the natural system, the interface between soil sur-
face and ground water is generally sloping. Sand 
gravel was placed on the bed of the soil-box at a 
depth of 5cm and then soil was placed above at a 
depth of 15 cm. Sand particles would climb over the 
plastic board (as shown in Fig. 1) and drop into the 
measuring cylinder when erosion occurs. The vol-
ume of sands in the cylinder is the erosion volume, 
V. The vertical height difference between the water 
level in the soil-box and the water level in the seep-
age supplying device, h, is the seepage water head. 
When water level in the seepage supplying device 
changes, the water head of seepage fluctuates. 
 
 
Figure 1. Experimental set-up.  
 
3 DATA COLLECTION AND DISSCUSSION 
Two contrastive experiments were conducted to 
study the effect of unsteady seepage water head. The 
upwards seepage of test 1 showed cascading fluctua-
tion, imitating the actual water level circulation of 
the sea and tides. In test 2, the water level was set to 
be steady, to provide comparative experimental 
analysis. The unsteady water head had a period of 10 
minutes, a peak of water level 24cm and a valley of 
14 cm. The constant water head was set to be 20cm. 
In the test, both experiments were carried out for an 
hour and the erosion volume of sands, V, was meas-
ured to compare effect of unsteady seepage. Both of 
the two tests were run for one hour. 
After the seepage-induced erosion process, the 
shapes of two slope terrains were nearly the same 
with or without unsteady seepage, and the terrains in 
the fluctuation seepage condition were a little deep-
er. The toe of the slope and the edge near the soil-
box were eroded obviously, as shown in Figure 2(b). 
We could find out that the damage shape of seepage 
erosion was in layers. The change of erosion rate and 
water head in the unsteady seepage condition was 
shown in Figure 3. The dot line is water head chang-
es over time. And the continuous line is erosion vol-
ume changes over time. Erosion by seepage primari-
ly features dispersing and suspension of slope soil. 
The seepage flow would carry particles and change 
soil mass structure. At the same time, the changing 
of soil structure would cause the permeability coeffi-
cient changing (ZHOU, 2009). The erosion rate 
would increase while the water head became higher, 
but the erosion rate had a hysteresis quality. For ex-
ample, when water head became lower, the erosion 
rate would reduce after a short time, which can be 
observed in Figure 3. This may be caused by the 
many factors. With the continuous increase of the 
upper seepage head, the fine soil sample particles 
started to move irregularly and randomly. Under a 
relatively low hydraulic gradient, the small particles 
in different parts of the sample began moving among 
the particle spaces, blocking tiny pores in a short 
time and thereby reducing water permeability of the 
soil sample. And when seepage head rose, the in-
creasing upwards water force would lift the soil. 
Thus, when water head becomes higher, seepage 
goes larger and soil would be easier to slip on the 
slope and drop into the measuring cylinder. 
Figure 4 contrastively shows the erosion rate dur-
ing the test process, from which we could see the 
significant effect of unsteady seepage on slope soil 
detachment. The continuous line is erosion volume 
of sand in the unsteady seepage condition and the 
dot line is erosion volume for constant seepage. The 
figure shows that the slope erosion would be accel-
erated if seepage was fluctuating. The erosion rate 
was higher with unsteady seepage than with constant 
seepage when the erosion process began. After about 
30 minutes, the erosion volume difference between 
unsteady seepage and constant seepage became the 
largest. And as tests went on, the difference became 
smaller, as shown in Figure 5. This may be caused 
by the smaller effect of seepage fluctuation when the 
soil slope angle got smaller. 
 
 
  
(a) Before the test                             (b) After the test 
 
Figure 2. Contrast of unsteady seepage effect on slope erosion. 
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Figure 3. Comparison of erosion volume of sands (with unsteady seepage) and water head.  
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Figure 4. Contrast of unsteady seepage effect on slope erosion.  
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Figure 5. The erosion volume difference between un-steady 
seepage and constant seepage 
 
Some little pores appeared in the unsteady seepage 
tests during the scouring process, as shown in Figure 
6. These little holes prove the above analysis consid-
ering that the lower seepage would make particles 
blocking the soil pores and a relatively high hydrau-
lic gradient seepage would increase the uplift force 
of soil. As a result, the upper soil would be lifted by 
the seepage and which caused some pores appeared. 
Because of these little pores, the slope soil became 
easier to slip down, which made erosion rate higher 
under the unsteady seepage condition. 
 
Figure 6. Pores appeared in the unsteady seepage test. 
 
4 CONCLUSION 
The results of this study highlight important similari-
ties and differences of slope soil erosion either with 
or without unsteady seepage. As far as we know, 
most of researches have been conducted on erosion 
by constant seepage. The effect of unsteady seepage 
on slope erosion has been confirmed qualitatively, 
but the quantitative study is so difficult to carry out 
because of lack of corresponding experimental setup 
that few quantitative results have been published up 
to now. Based on new experimental techniques of 
proposed apparatus, the model tests were carried out 
to study the scouring process of slope soil detach-
ment by unsteady seepage. The following are the 
conclusions: 
(1)The performance of the proposed apparatus and 
experimental methods was confirmed. This new set-
up is effective while studying unsteady seepage; 
(2)The results indicated that the effect of unsteady 
seepage will accelerate the rate of slope erosion and 
has a serious influence on the stability of slope. 
(3) The erosion rate was higher while the water head 
was higher, but the erosion rate had a hysteresis 
quality. 
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